Atomic-size conductors represent the ultimate limit of miniaturization, and understanding their properties is an important problem in the fields of nanoelectronics and molecular electronics. Quantum effects become important which leads to a physical behavior fundamentally different from macroscopic devices. During the last decade various experimental techniques have been developed to create and probe properties of such small objects [I]. For instance, it is possible with some metals to form chains of single atoms by gently pulling apart a metallic contact, and to measure the electron transport under different bias conditions. In atomic-sized conductors the traversing electrons may interact with the vibrational degrees of freedom of the atoms in the junction. This inelastic effect was observed by Agrait et al. [2] for atomic Au wires as a slight drop in conductance beyond a threshold voltage corresponding to one vibrational mode of the chain.
traversing electrons may interact with the vibrational degrees of freedom of the atoms in the junction. This inelastic effect was observed by Agrait et al. [2] for atomic Au wires as a slight drop in conductance beyond a threshold voltage corresponding to one vibrational mode of the chain.
A full description of the transport properties of atomic-size conductors therefore requires a quantum mechanical treatment of both the electronic and mechanical degrees of freedom. In order to approach the modeling of real devices we here study a one-dimensional tight-binding model of the conducting electrons combined with a halls-and-springs model for the mechanical motion of the nuclei comprising the wire [3]. With the latter we determine the vibrational modes and frequencies for the wires, cf. Fig. 1 . The electronic Hamiltonian is expanded to lowest order in these normal modes:
The non-linear differential conductance vs. bias I voltage is calculated using non-equilibrium inelastic scattering is due mainly to a single X.i.j phonon mode and that (ii) softening the effective spring constant between nearest neighbors leads to lower mode energies as well as larger conductance drops, cf. Fig. 2 . These conclusions agree well with experiment. Further, (iii) our calculations on chains with different number of atoms suggest that the conductance drop scales linearly with length (up to at least 40 atoms in the wire), cf. Fig. 3 . Beyond the threshold voltage electrons start to dissipate energy into the phonon system. Our method takes this into account by considering the energy flow in addition to the mean current, and (iv) reproduces the finite slope in the conductance also observed in experiment caused by this effect, cf. [2] N. Agrai't, C. Untiedt, G. Rubio-Bollinger, and S . Vieira, Phys. Rev. Lett. 88,216803 (2002) . 
